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Abstract
Integrated photonic circuits provide a versatile toolbox of functionalities for ad-
vanced quantum optics applications. Here, we demonstrate an essential component
of such a system in the form of a Purcell enhanced single-photon source based on a
quantum dot coupled to a robust on-chip integrated resonator. For that, we develop
GaAs monolithic ring cavities based on distributed Bragg reflector ridge waveguides.
Under resonant excitation conditions, we observe an over twofold spontaneous emission
rate enhancement using Purcell effect and gain a full coherent optical control of a QD-
two-level system via Rabi oscillations. Furthermore, we demonstrate an on-demand
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single-photon generation with strongly suppressed multi-photon emission probability
as low as 1% and two-photon interference with visibility up to 95%. This integrated
single-photon source can be readily scaled up, promising a realistic pathway for scal-
able on-chip linear optical quantum simulation, quantum computation and quantum
networks.
Keywords
quantum dot, single-photon source, integrated photonics, ring resonator, Purcell, two-photon
interference
Advanced quantum optics applications such as quantum networks, quantum simulation
and quantum computing require single-photon sources with simultaneously high efficiency
and degree of photons indistinguishability. Among different kinds of emitters self-assembled
quantum dots (QDs) coupled to optical cavities have been shown to be one of the brightest
on-demand single-photon sources up to date (SPS),1–3 which can simultaneously reach almost
unity single-photon indistinguishability and purity as well extraction efficiency as high as
60%.3–6 Those advances allowed already for demonstration of on-demand CNOT-gates,7–9
heralded entanglement between distant spin qubits,10,11 quantum teleportation12,13 or the
recent realization of 20-photon boson sampling.14 This tremendous progress in QD-based
single-photon sources have been achieved by a combination of resonant excitation3,15,16 to
eliminate emission time jitter and cavity quantum electrodynamics to overcome fundamental
limitations set by intrinsic exciton-phonon scattering inherent in solid-state platform.17
As the quantum optics experiments have increased in complexity, there has been an
increasing need to transition bulk optics experiments to integrated photonic platforms, where
all components could be placed on the same chip. It means that single photons sources,
photonic circuitry and detectors could be optically interconnected with very small losses
and allow to control single-photon states with greater fidelity. More-importantly integrated
circuits combined with quantum emitters are believed to be a reliable approach to achieve
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full scalability towards large scale quantum optics.2,18,19
The GaAs material system with embedded QDs seems to be a perfectly suited system for
that purpose, where both fully homogeneous20–24 and heterogeneous25–28 integrated photonic
circuits were realized. In this approach, light can be directly coupled into in-plane waveg-
uides (WGs) and combined with other functionalities on a chip such as phase shifters,29,30
beam splitters,20,27,31 filters,26,32,33 detectors24,34 and other devices for light propagation,
manipulation and detection on a single photon level. Moreover, integrated circuits allow
to spatially separate excitation and detection spots, which straightforwardly enables apply-
ing resonant driving schemes to slow-down decoherence processes and reduce on-demand
emission time-jitter.35–40
Among different on-chip QD-integration implementations, a particular emphasis over
last years has been devoted to photonic crystal (PhC) and nanobeam WGs.21,23,41,42 Espe-
cially, pulsed resonance fluorescence generation of indistinguishable single photons in waveg-
uides was achieved recently.38,39 Despite this progress, the persistent problem of PhC and
nanobeam WGs systems are their large propagation losses and fragility,19 limiting dimen-
sions of freestanding circuits to a few hundred microns. Combination of PhC and nanobeam
WGs with GaAs ridge waveguides43 or heterogeneous integration with SiO2/Si3N4 ridge
waveguides25–27 have been also proposed, however, it demands complicated multi-step fabri-
cation process and introduces losses at interfaces. Alternative approach offering more robust
design with high mechanical stability are monolithic ridge waveguides. Typically, those are
based on GaAs core layer and distributed Bragg reflector (DBR) or AlGaAs layers cladding.
Using this system, complex integrated circuits with large footprints have been realized20,30,44
promising a clear path towards scalability. Using GaAs ridge waveguides full on-chip second-
order correlation experiments have been implemented44 and pulsed resonance fluorescence
demonstrated,37,40,45 which allowed recently for single-photon generation with non-corrected
two-photon interference visibility of 97.5%.40 The main challenge in the broader application
of GaAs ridge waveguides with QDs in quantum integrated photonics is relatively low cou-
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pling efficiency of photons emitted from QD to waveguide mode (15-22% into each WG arm),
due to the low-refractive-index contrast between GaAs and AlGaAs materials. One route
to overcome this problem is the application of the Purcell effect to boost up QD emission
funnelling into the WG mode.46
Hereby we will combine cavities with ridge waveguides and show that such a system
has the potential of achieving simultaneously high coupling efficiency and near-unity single-
photon indistinguishability in reliable integrated circuit platform. Among different types of
cavities, ring resonators are well established on-chip functionalities in integrated circuits.47
They are commonly used as filters,25,26,32 switches48 or parametric down-conversion pair
sources.49 Due to easily achievable high-quality factors (Q), they are also perfectly suited for
increasing light-matter interaction with quantum emitters.25,50 Recently, devices combining
the InAs QDs with ring resonators have been realized by the heterogeneous integration of
GaAs and Si3N4 platforms. Spontaneous emission enhancement factors up to 4 have been
observed,25 however, experiments have been limited to non-resonant continuous-wave (cw)
excitation only, which is known to degrade the purity and indistinguishability of emitted
photons, so that high-performance on-demand SPS ring devices were not realized yet.
In this article, we demonstrate resonantly driven triggered SPSs consisting of self-assembled
InAs/GaAs QDs coupled to on-chip ring resonators based on the DBR ridge waveguides
within the same GaAs wafer. By spectral tuning of the QD emission into the ring cav-
ity mode, we achieve an over twofold spontaneous emission rate enhancement, reveled by
time-resolved studies. Furthermore, we observe Rabi oscillations visible from the QD emis-
sion intensity variation as a function of pump pulse area, demonstrating coherent optical
control. Finally, we show a generation of single and indistinguishable photons on demand
by performing second-order correlation experiments in Hanbury-Brown-Twiss (HBT) and
Hong-Ou-Mandel (HOM) configurations. By employing resonant excitation scheme within
on-chip ring-bus-waveguide system we observe strongly suppressed multi-photon emission
probability better than 1% and two-photon interference with visibility up to 95%. Combina-
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tion of those results makes our DBR ridge ring resonator single-photon source a competitive
with other integrated structures approaches.
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Figure 1: On-chip integrated ring resonator device. (a) Artistic scheme of the DBR waveg-
uide (WG) based ring resonator. Single quantum dots are placed within the core of the WG
and excited optically from the top. Emitted photons are collected from the side facet of the
structure within the tapered out-coupler. (b) Scanning electron microscope images of the
fabricated ring resonator devices with radius R of 10 µm. (c) DBR WG cross-section with
marked layers. (d),(f) Simulated Purcell factor vs energy for the 2 µm width ring resonator
with an outer radius of 10 µm coupled to 0.2 µm width bus WG and 0 and 25 nm ring-bus-
WG gap, respectively. (e),(g) Simulated QD emission coupling efficiency into the bus WG
for 0 and 25 nm gap structures, respectively. Very high quality factor Q of the 25 nm gap
ring cavity required limiting the simulation spectral window to 20 nm. (h) Purcell factor
vs Q factor taken from Fig. 1(d) and (f), reveling clear linear dependence for fundamental
(dot-dashed line) and higher-order radial modes (dashed line).
An artistic sketch of our integrated system is shown in Fig.1(a). It consists of following
elements: the ring resonator coupled in-plane to bus waveguide, circular Bragg grating on
the one end of the WG working as a reflector and tapered out-coupler designed to minimize
reflection and optimize out-coupling efficiency into the off-chip collection optics (more details
in Supporting Information). To operate our device as an on-chip SPS, the QD is excited
from the top of a ring and the single-photon emission is collected from the bus waveguide
after more than 1 mm travel distance by the tapered out-coupler localized on the sample
edge. The cross-section of the DBR WG is shown in Fig.1(c).
In this work, we consider two ring resonator designs: (i) based on uniform single-mode
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(SM) WG width of 0.8 µm of both the ring and the bus section and (ii) based on multi-mode
(MM) 2.0 µm width WG uniform within the ring and tapered bus WG narrowing from 2.0 µm
to single-mode 0.2 µm width section close to the coupling region. A tapering section in case
of second design ensures that light is coupled and guided only in the fundamental transverse-
electric (TE) mode of the MM bus waveguide, which can be latter efficiently back coupled
to single-mode WG using mode converters (more details in Supplementary Information).
The first design is simpler and more straightforward to combine with other on-chip SM
functionalities, such as beam-splitters or interferometers. However, small width WGs tends
to have larger propagation losses, since less tightly confined mode is more susceptible to
scattering due to sidewalls roughness.51 Indeed, in case of the considered system, we observe
propagation losses on the level of 2-3.5 dB/mm for 2.0 µm width WGs and 4-7 dB/mm in
case of 0.8 µm WGs.
To optimize the structure geometry for maximized Purcell, we fabricated a set of ring
devices with various diameter and ring-bus-WG spacing (gap), and performed a systematic
check of the Q-factors via optical measurements. For rings with R ≤ 5 µm the quality
factor was limited to 1-2k due to the fabrication imperfections (mainly surface roughness).
In contrary, for rings with R ≥ 10 µm modes with Q exceeding 7-12k were observed. Within
such mode volume to Q factor trade-off, we concluded that rings with R = 10 µm are the
most promising in terms of obtainable Purcell (more details in Supplementary Information).
For the quantitative estimate of the maximal obtainable Purcell enhancement and waveg-
uide coupling efficiency, we simulated photonic properties of our devices using Finite Differ-
ence Time Domain (FDTD) method. By placing a point dipole in the ring cavity mode, we
calculated Purcell enhancement factor, defined as power emitted by a dipole source in the
ring normalized to the power emitted by the dipole in a homogeneous (bulk) environment.
Results of simulations for a ring with WG profile of 2.0 x 1.3 µm, 10 µm outer radius and
0.2 µm bus WG are presented in Figures 1(d) and (f) for gap-less and 25 nm gap structures,
respectively. Clear sharp peaks at energies fulfilling traveling wave resonance conditions
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λm = 2pingR for fundamental and higher-order radial modes can be distinguished, where m
is a mode number, λ is a wavelength, ng is a group refractive index and R is a ring radius.
The simulated Purcell factors can reach values up to 6 with Q of 2k-18k for gap-less rings
and Purcell up to 40 with Q of 50-100k for 25 nm gap rings. In Fig.1(e) the efficiency of the
QD emission coupling into the bus WG is plotted for gap-less ring device. Values as high
as 67% are obtainable, which consist of 70% QD-to-ring and 96% ring-to-bus-WG coupling
contributions. Despite very high Purcell for 25 nm gap rings and thus almost unity coupling
into the ring cavity mode, a relatively low coupling of 2-6% into the bus WG is expected, as
shown in Fig. 1(g). With successive increase of the gap to 50 nm, WG coupling decreases
even further, while Purcell seems to be unaffected (see Supplementary Information). Taken
together, these results suggest that maximal obtainable Purcell for 10 µm radius rings is
40 and it is limited by bending losses. By plotting the Purcell factor vs Q for each mode,
linear dependencies for fundamental and higher-order radial modes are observed as shown
in Fig. 1(h). Following this relation, Purcell of 5-6 for Q of 10k and 10-12 for Q of 20k is
expected. Similar simulations for rings placed inside the bus WG (negative gap) are sum-
marized in Supplementary Information. Interestingly, we found that for -100 nm gap, the
total bus WG coupling efficiencies up to 90% seems to be feasible with a moderate Purcell
of around 2.
For optical characterization of our ring devices, we use top-excitation and side-detection
micro-photoluminescence setup and cooldown sample to 4.5 K using a high-stability closed-
cycle cryostat. The PL signal is collected from side facet after around 1 mm travel distance in
the bus WG. First, we consider MM ring resonator with 10 µm radius and 100 nm nominal
gap between the ring and tapered bus WG. In Figure 1(b) scanning electron microscope
(SEM) images of the example fabricated ring resonator are shown. Higher magnification
SEM images suggest that the GaAs cavity layer is not completely etched (effectively gap is
<100 nm). Figure 2(a) shows a side collected photoluminescence (PL) spectra from a QD1
under above-band gap cw excitation. A single emission line at 1.337 eV is visible with the
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setup resolution limited linewidth. The inset in Fig. 2(a) shows investigated ring modes with
Q factor values of around 6-7k, probed by photoluminescence at high power (the ensemble
of QDs act as a spectrally broad light source). We tune the QD emission energy across the
ring cavity mode by increasing the sample temperature. At around 14 K a resonance of the
QD emission with the ring mode is established, as shown in Fig. 2(b).
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Figure 2: (a) Side detected photoluminescence spectrum from QD1 recorded under non-
resonant cw excitation and temperature of 5 K. Inset: Optical modes of the ring under
investigation. (b) Temperature dependence of the QD1 PL spectrum.
Next, device characteristics under s-shell resonant excitation were checked. Figure 3(a)
shows side detected pulsed resonance fluorescence spectra from QD1. In Inset of Fig. 3(a)
the peak intensity versus the square root of the incident power is shown. Clear oscillatory
behavior with damping at higher power is observed, which is clear evidence of Rabi oscil-
lations related to coherent control of the QD two-level system. The data have been fitted
with exponentially damped cosine function assuming phonon-related dephasing included in
quadratic exponential damping term.52
To verify Purcell enhancement, we performed time-resolved resonance fluorescence mea-
surements for different QD-cavity detunings as plotted in Fig. 3(b)-(c). All time traces
exhibit mono-exponential decays. In strongly detuned case, beside QD-related emission de-
cay, non-filtered laser contribution is also visible. At a temperature of 14 K, corresponding
to the QD-cavity resonance, the shortest lifetime of 230 ps has been observed [time trace
with blue points in Fig. 3(b)]. In case of 0.37 meV detuning [magenta points in Fig. 3(b)]
time constant of 480 ps has been recorded. For comparison, in case of QDs coupled to
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Figure 3: (a) Pulsed resonance fluorescence spectrum of QD1 at 5 K. Inset: Resonance
fluorescence intensity vs square root of power demonstrating Rabi oscillations. (b) Time-
resolved resonance fluorescence traces recorded for 0.37 meV and no QD-cavity detuning.
(c) Resonance fluorescence decay time vs QD-cavity energy detuning demonstrating Purcell
enhancement.
straight ridge waveguides, we observe decay time constants on the level of 500-580 ps under
resonant driving conditions.40 By comparing 230 ps with the 500 ps lifetime, we can extract
an over twofold radiative rate enhancement for the considered QD. The measured decay time
as a function of detuning [Fig. 3(c)] is well fitted by the standard weak-coupling theoretical
model (black curve) assuming coupling to the cavity mode with a quality factor of 7k, and
considering that the emission rate into cavity follows a Lorentzian dependence with respect
to the detuning. From fit, we extracted a maximum 2.4-fold enhancement of the spontaneous
emission rate with Purcell factor Fp of 1.4 assuming that QD emission rate outside ring cav-
ity mode is equal to emission rate in bulk GaAs (more details in Supporting Information).
For the Purcell of 1.4, coupling efficiency into the cavity mode β, reaches values as high as
58% following formula β = FP/(FP + 1), in respect to 30-44% coupling efficiency limitation
in the non-structured WGs. Assuming 96% coupling between ring and bus WG, we expect
an overall coupling efficiency of 55%. To cross-check this value, we additionally estimated
the QD-bus-WG coupling efficiency, based on the single-photon detector counts and total
efficiency of the circuit (more details in Supplementary Information). By careful calibration
of the setup transmission, we obtained the total device extraction efficiency of 2.4% into the
first detection lens and lower limit of QD-WG coupling on the level of 10%. We point out
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that, QD-WG coupling efficiency was derived assuming that all on-chip functionalities such
as reflector, tapers and out-coupler perform as good as theoretically expected, which most
likely strongly underestimate the calculated efficiency value (more details in Supplementary
Information).
To characterize our ring device single-photon emission statistics, auto-correlation exper-
iments at a temperature of 5 K have been performed on the resonance fluorescence signal
filtered out from a broader laser profile and phonon sidebands. In Fig. 4(a) a second-order
correlation function histogram recorded in HBT configuration under pi-pulse excitation is
shown. At zero delay it shows clear antibunching with almost perfectly vanished multi-
photon emission probability of g(2)(0) = 0.0191± 0.007. The experimental data is fitted by
two-sided mono-exponential decay with a time constant of 260 ps, convoluted with the setup
instrumental response function (IRF) with a width of 50 ps.
-60 -40 -20 0 20 40 60
0
100
200
300
400
500
(b)(a)
H
B
T
 c
o
in
c
id
e
n
c
e
s
Delay time (ns)
g(2)(0) = 0.0191±0.0007
0.0
0.2
0.4
0.6
0.8
1.0
g
(2
) (
t)
-6 -3 0 3 6
0
100
200
300
400
H
O
M
 c
o
in
c
id
e
n
c
e
s
Delay time (ns)
 co-polarized
 cross-polarized
0.0
0.5
1.0
N
o
rm
. 
H
O
M
 c
o
in
c
id
e
n
c
e
s
Figure 4: (a) Second order correlation function histogram recorded for pulsed resonance
fluorescence under pi-pulse excitation power. The value of g(2)(0) is calculated from the
integrated photon counts in the zero-delay peak divided by the average of the adjacent set of
peaks, while the uncertainty of the g(2)(0) is based on the standard deviation of the Poissonian
peaks integrated counts. (b) Two-photon interference Hong-Ou-Mandel histogram recorded
for 3 ns time separated co- (blue pints) and cross-polarized (grey points) single photons
under pulsed resonance fluorescence and pi-pulse excitation power.
Next, we test the indistinguishability of emitted photons through Hong-Ou-Mandel (HOM)
interference experiments. For that purpose, we excite QD1 by a pair of pulses separated
by 3 ns. Two subsequently emitted photons are then filtered by a monochromator and
introduced into fibre-based 3 ns delay unbalanced interferometer, where a delay between
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them is compensated to superimpose single-photon pulses on the beam splitter.1 A resulted
two-photon interference histogram for orthogonal (gray points) and parallel (blue points)
polarized photons is shown in Figure 4(b). The histogram consists of five 3 ns delayed peaks
of the central cluster. In the case of identical polarizations, an almost vanishing zero-delay
peak is observed. In contrast, for two photons with cross-polarization, the zero-delay peak
has the same intensity as its adjacent ±3 ns delayed peaks. To evaluate the zero-delay peak
area in respect to the neighbouring peaks the experimental data have been fitted with the
two-side exponential decay functions convoluted with the setup IRF (more details in Sup-
plementary Information). Upon the fitting procedure, we obtain a raw value of two-photon
interference visibility of 0.90±0.02. After including the residual multi-photon probability
of g(2)(0) = 0.0191, as well as non-perfect interferometer visibility and splitting ratio1 we
determined a corrected degree of indistinguishability to be 0.95±0.02.
Similar optical characterization has been repeated on two other ring devices, with radius
of 10 µm and 40 µm, respectively. In case of second 10 µm radius ring, the shortest lifetime of
210 ps was observed (Fp = 1.7) with g
(2)(0) of 0.035±0.001 and corrected indistinguishability
of 0.93±0.02. In case of 40 µm radius ring, no significant Purcell enhancement was observed
(lifetime of 400 ps), while emitter indicated very good single-photon performance with g(2)(0)
of 0.04±0.01 and corrected indistinguishability of 0.95±0.02 (corresponding graphs and more
details in Supplementary Information).
Demonstration of high-performance SPSs coupled to on-chip resonators is an impor-
tant step towards large scale implementations of quantum photonic circuits. Within the
investigated GaAs platform, our QD-ring devices could be straightforwardly combined with
integrated beam splitters,20,30,53 which inherently offers near-perfect mode-overlap and very-
high stability of the optical path-lengths, which enable high-fidelity quantum interference
on-chip - an essential component for quantum information processing. Monolithic integra-
tion of QDs with GaAs circuits might be thus considered as a reliable pathway towards full
on-chip scalability, both in terms of realizing mechanically stable large footprint circuit, as
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well as in terms of fulfilling 1% two-photon gate operation error threshold and 67% total
efficiency threshold required for fault-tolerant quantum computing.54,55
In this letter, we have demonstrated the on-demand single-photon source based on InAs
QD coupled to on-chip ring resonator. By combining a robust DBR ridge WG platform with
the ring cavity, we overcome an intrinsic limitation of the monolithic ridge WGs coupling
efficiency by utilizing a Purcell effect. We observed an over two-fold spontaneous emission
enhancement, proven by time-resolved resonance fluorescence studies. We demonstrated
near-background free single-photon emission with g(2)(0) = 0.0191 ± 0.0007 and near-unity
indistinguishability of 0.95±0.02. To best of our knowledge, it is the first demonstration
of resonance fluorescence studies on the on-chip integrated ring resonators showing opti-
cal coherent control and on-demand indistinguishable single-photon generation. Taken the
high degree of indistinguishability of the on-chip generated photons shown here, our struc-
tures could be used to realize various optical quantum-computing algorithms, interference
of multiple photons, and the generation of photonic cluster states. We believe, that our
devices could be further improved in terms of performance by the better spatial alignment
of the ring cavity mode and QD position, to utilize larger Purcell enhancement and coupling
efficiency, while keeping high single-photon indistinguishability. Moreover, our structures
could be straightforwardly monolithically integrated with other on-chip functionalities in-
cluding beam-splitters, phase shifter, detectors and other devices, suitable for handling large
scale advanced quantum optics experiments on-chip. A potential of manufacturing such
circuits, combined with the high purity and potentially a high efficiency indistinguishable
single-photon sources, open a route towards fully integrated and thus scalable quantum
information processing.
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Methods
Sample structure. To fabricate our integrated single-photon source waveguide device
we use a semiconductor sample which contains self-assembled In(Ga)As QDs grew by the
Stranski-Krastanow method at the centre of a planar GaAs microcavity. The lower and upper
cavity mirrors contain 24 and 5 pairs of Al0.9Ga0.1As/GaAs λ/4-layers, respectively, yielding
a vertical confinement quality factor of ∼200. To fabricate ridge waveguides, the top mirror
layer along with GaAs cavity is etched down, forming the ridges with a height of ∼1.3 µm.
Ridges have been defined by e-beam lithography and dry etching. After processing, the
sample was cleaved perpendicularly to the WGs to get clear side access to the ridge tapered-
out-coupler facets. In Fig. S1(a) and (b) layout schemes and SEM images of the fabricated
ring resonators are shown.
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Figure S1: Layout scheme of the investigated rings with (a) 10 µm radius and (b) 40 µm
radius. Insets: Scanning electron microscope images of the fabricated devices. In case of
10 µm radius ring nominal 100 nm gap is not perfectly etched through the GaAs cavity layer.
Optical set-up. For all experiments, the sample is kept in a high-stability closed cryo-
stat at low temperatures of around T = 4.2 K. The cryostat is equipped with two optical
2
windows allowing for access from both side and top of the sample via two independent
perpendicularly aligned optical paths. QDs embedded into WG rings are excited from the
top trough a microscope objective with numerical aperture NA = 0.4, while the emission
signal is detected from the side of the WG with a second objective with the same NA.
For the resonance fluorescence experiments, in the side detection path, a combination of
a linear polarizer aligned with TE WG mode and the spatial filter is used based on two
50 cm focal length lenses and 2D variable size slit. The collected light is then analyzed by
a high-resolution monochromator equipped with a liquid nitrogen-cooled low-noise charge-
coupled device detector, featuring a spectral resolution of ∼30 µeV. For non-resonant PL
experiments, a 660 nm continuous-wave laser is used while for resonance fluorescence investi-
gations a tunable mode-locked Ti:Sapphire laser with a repetition rate of 76 MHz and pulse
width of around 2 ps is used.
Purcell factor evaluation. For a quantitative analysis of the Purcell enhancement, we
must consider how the emitter is coupled to the vacuum field. The total spontaneous emission
rate of an emitter coupled to a resonator, relative to the emitter in bulk, is enhanced by
factor1,2 Fp+ Γleak/Γ0, where Fp is Purcell factor, Γleak is emission rate into the leaky modes
(outside the cavity mode), Γ0 is emission rate in bulk. Following the above, for trustworthy
Purcell factor evaluation, an exact knowledge of the Γleak/Γ0 for a given photonic system
is required. In structures where emission rate into the leaky modes is known to be equal
to the emission rate in the bulk, such as micro-pillar cavities, Γleak/Γ0 equal to 1 is usually
assumed.1,2 For photonic crystal cavities, however, Γleak/Γ0 can be significantly smaller than
1.3 In the ring resonator devices based on DBR waveguides, Γleak/Γ0 is not ambiguously
known. Given, that 0 < Γleak/Γ0 < 1 Purcell factor in the range of 1.4-2.4 (1.7-2.7) can be
extracted for device no.1 (no.2). The decay time τ data in Figure 3(b) is fit using formula1
τ(∆E) =
1/Γ0
Γleak/Γ0 + Fp
[
1 + 4
(
Q∆E
Ec
)2]−1 ,
3
assuming that the emission rate into the cavity mode follows a Lorentzian dependence with
respect to the QD-cavity energy detuning ∆E, where Q is cavity quality factor, Ec is cavity
energy.
Auto-correlation and two-photon interference experiment details. To char-
acterize investigated source purity and indistinguishability, the resonance fluorescence sig-
nal is passed through a monochromator to filter out (spectral width ∼50 pm/70 µeV) a
broader laser profile and phonon sidebands, and then coupled into a single-mode polarization-
maintaining fiber. Next, light is introduced into a fibre-based unbalanced Mach-Zehnder in-
terferometer for the two-photon interference measurements in the Hong-Ou-Mandel (HOM)
configuration. For the auto-correlation measurements, one of the interferometer arms is
blocked. Outputs ports are coupled to the pair of single-photon counting avalanche detec-
tors (APD) with a 350 ps temporal resolution or superconducting detectors (SSPD) with a
30 ps resolution. The photon correlation events are acquired by a multi-channel picosecond
event timer. For the time-resolved experiments, a fast SSPD is used.
4
Simulations details
We calculated a coupling efficiency and Purcell factor by three-dimensional finite-difference-
time-domain (FDTD) method. We used a combination of home-made FDTD and Lumerical
software. The QD emitter is modelled by a linearly polarized dipole source aligned along
the transverse-electrically (TE) polarized waveguide mode. The dipole is usually placed at
the maximum of the fundamental TE bent ring waveguide mode. The refractive indexes of
GaAs and AlGaAs are set to 3.5652 and 3.0404, respectively. To represent infinite free space
in the simulations, the uniaxial perfectly matched layer (UPML) was used as the absorbing
boundary condition. On the other hand, to calculate the electric field distribution of the
waveguide modes, a periodic boundary condition is used for the waveguide direction instead
of the UPML.
The overall bus WG coupling efficiency is defined as the probability to detected one
photon emitted from a QD placed in the ring resonator in the fundamental mode of the
bus WG. The total QD-bus-WG coupling efficiency consists of two contributions: (i) QD to
ring mode coupling and (ii) ring-mode to bus waveguide coupling. The QD-ring coupling
efficiency is defined as the ratio of emission coupled into the ring resonator mode and the
total emission from a QD. The ring-bus-WG efficiency is defined as the ratio between the
energy coupled into the bus WG and the total energy in the ring cavity mode.
5
Waveguide modes
Figure S2 shows simulated optical mode profiles of the light field confined in our WG devices
calculated for the transverse electric (TE) modes at 930 nm wavelength. In all cases, the
modes are mainly concentrated within the GaAs cavity and partially penetrate the top and
bottom DBR mirrors. For bent WGs optical field maximum is shifted towards ring outer
edge.
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Figure S2: a) Optical power distribution profile for the fundamental TE mode obtained in
case of 0.8 µm width (a) bus WG, (b) 40 µm radius ring WG and (c) 10 µm radius ring
WG; (d) 0.2 µm width bus WG, 2.0 µm width (e) bus WG and (f) 10 µm radius ring WG.
All modes are calculated at 930 nm wavelength.
6
Circular Bragg reflectors
To effectively collect all the photons coupled from the ring into the single arm of the bus WG,
we fabricated circular Bragg gratings. Purpose of those structures was to inverse the direction
of light propagation in the WG. Circular Bragg design instead of the standard rectangular
grating was chosen to limit scattering and collect light exiting WG at large angles. In
Figure S3, the Lumerical FDTD simulation of the reflection spectra for the Bragg grating
with the air gaps of 728 nm and the width of the half rings 357 nm is shown. This device
was optimized for maximum reflection at the center wavelength of 930 nm. Reflection on the
level of 80% is expected in the 875-950 nm range. Higher reflectivity could be potentially
achieved by further shape optimization (better fit to the WG numerical aperture).
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Figure S3: a) Scanning electron microscope image of the fabricated circular Bragg reflector
interconnected with a waveguide. b) Simulated reflection spectra of the injected fundamental
mode. The width of the air gaps is 728 nm and the width of the half rings is 357 nm.
The device was optimized to achieve stop band centered around 930 nm. The maximum
reflectivity is 80%.
7
Inverse taper out-couplers
To efficiently extract photons from the waveguide into the off-chip collection optics tapered
out-couplers are used. The out-coupler is designed in the form of a short inverse taper and
shown schematically in Fig. S4a. In order to get side access to the circuit, a sample is
cleaved around 10 µm from the out-couplers edge. The geometry of the taper was optimized
through the 3D FDTD calculation. For that, the fundamental mode was injected into DBR
ridge WG and then the far-field projection of the emission integrated over the acceptance
angle of the NA= 0.4 collection optics. Additionally, the fraction of WG back-reflected
light was monitored. The length of the out-coupler was increased progressively to minimize
the residual reflection and optimize collection efficiency (see Fig. S4b). For the out-coupler
length of 30µm placed 10 µm from the edge, collection efficiency of 70% can be achieved
with 0.4 NA, and reflection minimized to 10%. In the case of non-terminated WG (cleaved
WG facet), the coupling efficiency is limited to around 15%, while reflection is close to 50%.
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Figure S4: a) Scheme of the simulated outcoupler. b) Simulated coupling efficiency into the
collection objective and the back-reflection into the waveguide. The optimization was done
for a taper ending 10µm away from the cleaved edge. For comparison the coupling efficiency
of an cleaved waveguide (d = 0µm and outcoupler length = 0µm) is shown.
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Waveguide mode converters
Within our devices, we use both single-mode (SM) and multi-mode (MM) waveguides. In
order to efficiently couple light between them, we use mode converters in the form of ta-
pering sections. In case of coupling light from SM to MM waveguide, fundamental mode
conversion into the higher-order modes can be circumvented by choosing a sufficiently long
tapering section preserving light guiding in the fundamental mode over the entire MM WG
length. The required tapering lengths and corresponding performances are summarized in
figure S5. The simulations were performed by 3D FDTD Lumerical Solutions and the mode
occupation was calculated by expanding the light field after the tapering section using the
mode expansion technique.
90µm
0.2µm
2µm 0.6µm
40µm
0 |E| max
(a) (b)
Figure S5: Waveguide mode converters. a) Optical intensity field distribution of the single-
mode to the multi-mode converter. The fundamental mode is injected in a 0.2µm waveguide
tapered to a 2µm waveguide, preserving 97% of the transmitted light in the fundamental
mode with overall 80% transmission efficiency. b) Optical intensity field distribution of the
multi-mode to the single-mode converter. Injecting the light in the fundamental mode of a
2µm waveguide tapered to 0.6µm WG preserves 99% of transmitted light in the fundamental
mode with total 97% transmission efficiency.
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Ring resonator mode volume vs WG width
To verify how does the width of the WG influence the Purcell factor, the effective mode
volume of the ring cavity was calculated. Results of simulations are summarized in Figure S6.
The effective mode volume does not change significantly for ring radius smaller than 20 µm
for WG width in the range of 0.8µm to 2µm. The effective ring mode volume was calculated
by Lumerical FDTD, based on fundamental 2D WG mode profiles.
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Figure S6: Effective mode volume vs ring radius calculated for different waveguide widths.
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Ring design optimization
To optimize the design of the ring resonators for maximized Purcell we first consider the
well-known formula for Purcell factor Fp =
3
4pi2
(
λcav
n
)3 Q
V
, for the case where the dipole is
resonant with the cavity and also ideally positioned and oriented with respect to the local
electric field, where λ is the wavelength, n is the refractive index, Q is quality factor and
V mode volume of the cavity mode. Following on above, optimization of the structure can
be achieved upon maximizing the Q/V ratio. In ring structures, Q factor can be varied by
controlling the gap distance between ring and bus WG, and mode volume via controlling
the ring diameter and the WG width. Following on that optimal design would correspond
to small diameter rings with relatively large gaps. However, this simple picture breaks down
if the WG bending losses and sidewalls imperfection are also considered. To take those
effects into account we performed two-steps optimization. As a first step, we experimentally
WBus = 200/800 nm
Dipole Position
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Figure S7: Scheme of the ring structure with labeled important parameters.
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Figure S8: Experimentally obtained quality factors of the ring cavity modes in the function
of the nominal gap distance between ring and bus WG.
check Q-factors obtainable for given ring diameter and gap size in our system. For that, we
fabricated a set of devices with various radius and ring-bus-WG spacings and performed a
systematic check of the Q-factors via optical measurements (PL at high pumping power).
We noticed that for 5 µm radius rings modes with Q factors below 2k are usually observed
[see Fig. S8(a)], while for 3 µm radius rings, cavity modes could not be resolved at all. For
10 µm radius rings, modes with much better quality factors are observed, Q of 2.5-3k for
gap-less structures and Q up to 18k for 250 nm nominal gap [see Fig. S8(b)]. Similar results
are achieved for larger diameter rings [see Fig. S8(c)]. An over tenfold improvement in the
cavity line-width can be related to smaller bending losses and reduced light scattering on
the outer ring sidewalls (mode localized more faraway from the defects). It is important
to note here, that within our fabrication process gaps smaller than 100 nm could not be
realized due to the e-beam proximity effect (for nominal 50 nm gap structures rings are in
fact in contact with bus WG). Moreover, gaps designed as 100-120 nm are in some cases not
perfectly etched through the GaAs cavity, which effectively decreases cavity quality factor
(see SEM images in Fig. S1). By considering the Q/V ratio for our structures, which in case
of rings could be simplified to Q/R it is clear that devices with the radius of 10 µm are the
most promising for the Purcell enhancement purposes.
Next, for the 10 µm radius rings full 3D FDTD simulations were performed for various
gaps and dipole positions focused on Purcell factor and extraction efficiency. In Fig. S7
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Figure S9: (a) Purcell factor and (b) WG coupling efficiency vs wavelength for ring-bus gap
sizes of varying from to 0 to 50 nm. Simulations are performed for 10 µm radius rings with
2 µm width coupled to 0.2 µm bus WGs.
scheme of the ring structure with labeled parameters of merit is shown. We note here, that
FDTD simulations for rings as large as 10 µm are very demanding computationally thus
rather limited parameter space was checked. First, we analyzed how does the gap between
ring and bus WG influence the Purcell and bus WG coupling efficiency. In case of the ring
with 2 µm width coupled to 0.2 µm width bus WG we varied gap distance from 0 to 50 nm
in 25 nm steps as shown in Fig. S9. Change of the gap distance from zero to 25 nm strongly
increases both the Q and Purcell by around an order of magnitude. Further increase of
the gap up to 50 nm does not affect Purcell anymore, suggesting that Q factor is already
saturated for 25 nm gap case. Even though high Purcell is expected for 25-50 nm gap
rings, FDTD simulations predict relatively low coupling into the bus WG on the level of
a few percent. We speculate that low coupling into bus WG is related to weak evanescent
wave-like coupling between the ring and bus WG in respect to the losses into free space
via bending. Further shortening of the gap distance or redesign of the coupling region into
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Figure S10: (a) Purcell factor and (b) WG coupling efficiency vs wavelength for R = 10 µm
ting structure with ring-bus-WG gap distance varying from of -100 nm to 0. (minus sign
corresponds to ring placed inside bus WG). In order to clearly resolve the low Q fundamental
radial modes, simulations are performed for 0.8 µm width rings.
pulley configuration might be advantageous in this respect.
Next, for 0.8 µm width rings coupled to 0.8 µm width bus WG, we varied the gap distance
from -100 nm up to 0, where negative values correspond to the ring placed inside the bus WG.
As can be seen in Fig. S10, placing a ring within the bus WG significantly reduces the Purcell
factor, while the WG coupling efficiency is only slightly modified. In fact, by optimizing the
dipole position for the -100 nm gap ring, coupling efficiency as high as 0.88 is possible with
rather moderate Purcell of around 2, as shown in Fig. S11(a-b). We speculate that further
optimization of the ring-bus-WG coupler for instance by using pulley design might allow for
achieving even higher coupling efficiency. Similar dipole position optimization routine has
been repeated for the gap-less ring design. In Fig. S11(c) Purcell factor vs dipole position is
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Figure S11: (a) Purcell factor and (b) coupling efficiency into the bus WG vs wavelength
for 10 µm radius ring placed 100 nm inside the bus WG (gap -100 nm) for dipole positioned
100-700 nm from the outer edge of the ring. (c) Purcell factor vs dipole position for 10 µm
radius gap-less ring mode at 950 nm and 910 nm wavelength. (d) Bent WG fundamental
mode profile at 930 nm wavelength. Simulations are performed for 0.8 µm width WGs.
plotted for two modes at wavelengths close to 950 and 910 nm. Maximal Purcell is obtainable
for dipole placed around 200-300 nm from the outer edge of the ring and slightly depend on
the wavelength following the ring mode profile [see Fig. S11(d)].
Unfortunately full 3D FDTD simulations for the R = 40 µm rings were not possible due
to the computational memory constraints. To get an estimate of the possible Purcell in case
of R = 40 µm devices we extrapolate the R = 10 µm ring results by decrease of the Purcell
by 4, related to the 4-times larger mode volume. In such case maximal Purcell of 10 is
expected for 100k quality factor modes, Purcell of 2 for 20k Q and no-Purcell for Q≤10k.
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Waveguide transmission losses
To estimate the structural quality of the fabricated ridge waveguides, the optical WG trans-
mission losses were determined. For that purpose sample was excited with very high pump-
ing power, allowing to observe spectrally broad QD ensemble emission. The beam spot was
scanned along the bus WG and the QD ensemble emission detected from the side. Fig-
ure S12a and b show the corresponding attenuation of the measured intensities at 915 nm
plotted as a function of the distance to the out-couplers. Selected ridges exhibit transmis-
sion losses on the level of 3.6±0.1 dB/mm for 2000 nm width WG and 5.0±0.1 dB/mm for
800 nm WG. Waveguide transmission is limited by the ridge sidewalls imperfections, which
could be potentially further improved by optimizing the fabrication process.
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Figure S12: Waveguide transmission losses vs distance from outcoupler for (a) 2000 nm
width MM bus waveguide, (b) 800 nm width SM bus waveguide.
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Extraction efficiency estimation
In order to estimate the total device extraction efficiency as well as on-chip QD-WG coupling
efficiency, the setup transmission characteristics was carefully checked with cw laser line
tuned to around 927 nm wavelength of interest. Since the far-field emission pattern from
the tapered out-coupler was not optimized for the optical fiber coupling, we performed a
calibration based on the number of integrated counts observed on the CCD camera vs the
number of counts observed on the SSPD (quantum efficiency of 55% estimated by measuring
a laser signal of known power for which we can deduce the number of incident photons) at
927 nm. For that, the laser was coupled into a single-mode optical fiber and then introduced
(i) directly into SSPD detector or, (ii) monochromator combined with CCD. Additionally,
the total transmission of side detection setup was checked (39.7% transmission from inside of
cryostat to monochromator entrance). In result, we derived a calibration constant, allowing
us to estimate the total single-photon rate of 1.8MHz at 76MHz driving extracted into
first collection optics, which corresponds to the extraction efficiency of 2.35%. For further
calculations we assume WG transmission of TWG = 0.5 (losses of 3dB/mm), the out-coupler
transmission of Tout = 0.7, Bragg reflector efficiency of Rref = 0.8, and the 0.2 µm to 2.0 µm
taper transmission of Ttap=0.8. The total device transmission in such case can be quantified
as: Ttot = (0.5Ttap+ 0.5Ttap·Rref ·Ttap)·TWG·Tout. In case of the perfect device (maximal
transmission values are taken from FDTD simulations), Ttot would correspond to 0.23, which
allows estimating the lower limit of QD-WG coupling efficiency on the level of 10.3%. It needs
to be noted that this value is most likely strongly underestimated, as the perfect performance
of each functionality is assumed. This concerns especially the out-coupler which is the most
sensitive to fabrication imperfections. In case of taper out-couplers, we observe usually
an factor of 3 improvement in the collection in respect to non-tapered WGs, which again
assuming perfect collection from cleaved facet Tcle for 2.0 µm width WG of 0.10, corresponds
to 0.3 transmission T′out in case of tapered out-coupler. Assuming this more realistic value,
the extraction efficiency of 24% can be expected.
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HOM histogram fitting and visibility correction
Experimental HOM histogram data, have been fitted with the two-sided exponential decay
function convoluted with IRF with a central peak intensity ratio of A−6ns:A−3ns:A0:A+3ns:A+6ns
F (t) =X
∑
±
(
A0e
−|t|
τdec + A±3nse
−|t±τpd|
τdec + A±6nse
−|t±2τpd|
τdec
)
+X
∑
k,±
(
3(A−6ns + A+6ns)e
−|t±kτrr |
τdec + (3A±6ns + A∓6ns)e
−|t±kτrr±τpd|
τdec + A±6nse
−|t±kτrr±2τpd|
τdec
)
,
(1)
where A0 is corresponding to the zero delay peak amplitude, X =
2A
A−3ns+A+3ns
is normal-
ization constant, A corresponds to the mean value of the ±3ns peaks amplitude, τdec is a
resonance fluorescence decay time, τpd is a delay time between the pulse trains (3 ns), τrr
is a repetition time of the laser (13.16 ns). The first line of the equation 1 corresponds to
the central cluster of peaks, while the second is the sum over non-central clusters. In case
of perfectly balanced HOM interferometer and ideal single-photon source 1:2:0:2:1 ratio for
central, and 1:4:6:4:1 ratio for non-central peaks is expected. In case of interferometer with
non-perfect beam-splitters reflection/transmission ratio (R/T)
A−6ns = TR3, A+6ns = RT 3, A−3ns = A+3ns = TR3 +RT 3, (2)
which introduces slight imbalance between ±6 ns peaks. For the fitting procedure all values
beside the A0 and A (fitting parameters), were fixed. The visibility has been calculated
based on the central peak areas at zero and ±3 ns delay, which have been directly obtained
from the fitting parameter A0.
Vexp = 1− 2A0
A−3ns + A+3ns
. (3)
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We note here that inclusion of the R/T ratio in the function F(t) in current form allows
for achieving more precise fit but obtained visibility is still affected by the interferometer
imbalance. To take into account influence HOM interferometer imperfections as well as
non-zero g(2)(0) source extend, we corrected Vexp value according to
V = Vexp[1 + 2g
(2)(0)] · R/T + (R/T )
−1
2(1− ε)2 , (4)
where R/T is the beam-splitter reflectivity/transmission ratio and (1−ε) is classical contrast
of the HOM interferometer. In table 1 raw and corrected values of the extracted visibilities
are summarized.
Table 1: Summarized values of recorded single photon purity and indistinguishability for
each device.
QD no. R Energy R/T 1− ε Vraw V g(2)(0)
1 10 µm 1.3370 eV 1.05 0.995 0.90 0.95±0.02 0.0191±0.0007
2 10 µm 1.3206 eV 1.38 0.990 0.81 0.93±0.02 0.035±0.002
3 40 µm 1.321 eV 1.16 0.990 0.85 0.95±0.02 0.040±0.002
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Performance of other ring resonator devices
Resonance fluorescence studies, similar to performed for the device no.1 described in the
main text, have been also performed for two other ring resonators.
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Figure S13: Optical properties of QD2 coupled to ring with radius R = 10 µm. (a) Pulsed
resonance fluorescence spectrum of QD2 at 4.5 K. Inset: Resonance fluorescence intensity
vs square root of power demonstrating Rabi oscillation. (b) Time-resolved resonance fluo-
rescence trace for QD perfectly tuned into cavity resonance and reference QD in bus WG.
(c) Second order correlation function histogram recorded under pulsed resonance fluores-
cence and pi-pulse excitation power. (d) Two-photon interference Hong-Ou-Mandel his-
togram recorded for 3 ns time separated co- (blue points) and cross-polarized (grey points)
single photons under pulsed resonance fluorescence and pi-pulse excitation power.
Figure S13(a) shows side detected pulsed resonance fluorescence spectra from QD2 cou-
pled the MM ring resonator with 10 µm radius and 100 nm nominal gap between the ring
and tapered bus WG. This specific resonator can be characterized with a rather low-Q factor
of 2k. We relate this with the non-perfectly etched gap between ring and bus WG and ring
sidewalls imperfections. In Inset of Fig. S13(c) the peak intensity versus the square root of
the incident power is shown. Clear oscillatory behaviour with damping at higher power is
observed, which is clear evidence of Rabi oscillations related to coherent control of the QD
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two-level system. Time-resolved resonance fluorescence measurements for QD under inves-
tigation and reference QD in bus WG is shown in Fig. S13(b). In case of QD coupled to
ring, emission decay trace exhibit oscillations due to quantum beating between the two fine
structure components of the exciton state. Data is fit by the function being a product of
mono-exponential decay and sine function, with a decay time of 210 ps and the oscillation
period of 345 ps corresponding to 2.9 GHz splitting of the fine structure. Due to the low-Q
factor of the cavity, temperature spectral detuning of QD emission in this case shown only
slight changes of the decay time from 210 ps to 300 ps for over 0.8 meV QD-cavity detuning.
In order to extract Purcell factor direct comparison with emitters at the same energy but
localized in the bus WG was performed, revelling enhancement of around 2.7, thus Purcell of
1.7. Next, HBT and HOM experiments were performed on resonance fluorescence signal for
QD2 under pi-pulse excitation. In Fig. S13(c) a second-order correlation function histogram
is shown for QD2 revealing g
(2)(0) of 0.035± 0.001. In Fig. S13(d) a two-photon interference
histogram of QD2 emission for orthogonal (gray dots) and parallel (black dots) polarized pho-
tons is presented. Upon fitting procedure, we obtain a raw two-photon interference visibility
of 0.81±0.02 and corrected value of 0.93±0.02 (for more details see Tab. 1).
Analogues studies were repeated for a selected 40 µm radius ring. Figure S14(a) shows a
side collected PL spectra from QD3 under above-band gap cw excitation, with an emission
line at 1.321 eV coupled to 0.8 µm width WG ring with 40 µm radius placed 100 nm within
the single-mode bus WG (gap = -100 nm). The inset in Fig.S14(a) shows ring resonator
modes for the investigated device with Q factors of around 6.6k. Similarly as in case of
QD1, by tuning the QD3 emission energy with temperature across the ring resonances a
significant change of the PL intensity can be observed [see Fig. S14(b)]. Figure S14(c) shows
side detected pulsed resonance fluorescence spectra from QD3 at a temperature of 4.5 K.
Power depended experiments shown in Fig.S14(c) reveal clear Rabi oscillations. In case
of a 40 µm radius ring with Q factor smaller than 7k, we expect rather negligible Purcell
effect. This is partially confirmed by the time-resolved resonance fluorescence [see Fig.S14(d)]
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revealing decay time of around 400 ps at 4.5 K, corresponding to less than 1.3 enhancement
in respect to reference 500 ps decay time. Next, we performed HBT and HOM experiments
on resonance fluorescence signal for QD3 under pi-pulse excitation. In Fig. S14(e) a second-
order correlation function histogram is shown for QD3 revealing g
(2)(0) of 0.04 ± 0.01. In
Fig. S14(e) a two-photon interference histogram of QD3 emission for orthogonal (gray dots)
and parallel (black dots) polarized photons is presented. Upon fitting procedure, we obtain a
raw value of two-photon interference visibility of 0.85±0.02 and corrected value of 0.95±0.02.
1.320 1.323 1.326 1.329
0
4
8
12
16
20
24
28
32
1.320 1.323 1.326
1.320 1.323 1.326 1.329
0
1
2
3
4
5
6
0 2 4 6 8 10 12
0
2
4
6
-75 -50 -25 0 25 50 75
0
20
40
60
80
100
120
140
160
-18 -12 -6 0 6 12 18
0
50
100
150
200
250
300
350
0 1 2 3 4
1.3205 1.3210 1.3215
5
10
15
20
25
 
 
Energy (eV)
T
e
m
p
e
ra
tu
re
 (
K
)
0.0
0.2
0.4
0.6
0.8
1.0
PL intensity
P
L
 i
n
te
n
s
it
y
 (
k
c
p
s
)
Energy (eV)
non-resonant cw excitation
(a) T = 4.5 K
Q » 6600
P
L
 (
a
rb
. 
u
n
it
s
)
Energy (eV)
(b)modes
T = 4.5 K
In
te
n
s
it
y
 (
k
c
p
s
)
Energy (eV)
resonant pulse excitation
(c)
2p
In
te
n
s
it
y
 (
k
c
p
s
)
Power1/2 (mW1/2)
p
T = 4.5 KT = 4.5 K
H
B
T
 c
o
in
c
id
e
n
c
e
s
Delay time (ns)
g(2)(0) = 0.04±0.01
(e)
0.0
0.2
0.4
0.6
0.8
1.0
1.2
g
(2
) (
t)
 co-polarized
 cross-polarized
Vraw= 0.85±0.02
Vcor= 0.95±0.02
H
O
M
 c
o
in
c
id
e
n
c
e
s
Delay time (ns)
(f)
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
N
o
rm
. 
H
O
M
 c
o
in
c
id
e
n
c
e
s
In
te
n
s
it
y
 (
a
rb
. 
u
n
it
s
)
Delay time (ns)
400 ps
T = 4.5 K(d)
Figure S14: Optical properties of QD3 coupled to ring with radius R = 40 µm. (a) Side
detected photoluminescence spectrum from QD3 recorded under non-resonant cw excitation
at a sample temperature of 4.5 K. Inset: Optical modes of the ring under investigation.
(b) Temperature dependence of the QD3 PL spectrum. (c) Pulsed resonance fluorescence
spectrum of QD3 at 4.5 K. Inset: Resonance fluorescence intensity vs square root of power
demonstrating Rabi oscillation. (d) Time-resolved resonance fluorescence trace for QD per-
fectly tuned into ring resonance. (e) Second order correlation function histogram recorded
under pulsed resonance fluorescence and pi-pulse excitation power. (f) Two-photon inter-
ference Hong-Ou-Mandel histogram recorded for 3 ns time separated co- (black points) and
cross-polarized (grey points) single photons under pulsed resonance fluorescence and pi-pulse
excitation power.
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